ABSTRACT -Brazil is world's greater producer of charcoal, and the Brazilian state Minas Gerais presents the greater production of said product. The wood proprieties influence the charcoal quality, making important to know them, it is known that these proprieties vary according to the age of the tree. With that being said, this research aimed to determine the correlations existing between age, the proprieties of the wood and charcoal proprieties. Three Eucalyptus sp. clones from Gerdau S/A were evaluated, at four ages, 3, 4, 5 and 7. From each tree, five discs were removed (0%, 25%, 50%, 75% and 100% corresponding to the commercial height of the trunk). We determined the core/sapwood relationship, basic density, chemical composition of the wood, the calorific value of the wood and of the charcoal, the gravimetric yields, apparent relative density and charcoal chemical analysis, in addition to the analysis of the condensable and non-condensable gases. Correlations between age, proprieties of the wood and charcoal were performed. It was observed a negative correlation between the age of the wood and charcoal ashes content, regardless the clones evaluated. A positive correlation between the basic density of the wood and the apparent density of the coal and a positive correlation between the lignin of wood content and the coal apparent density were observed, as well. The siringil/guaiacil relation, which determines the quantity of each type of lignin existent on the wood, presented a negative correlation with the gravimetric yields in charcoal. Therefore, it is concluded that the age of the tree influenced the proprieties of the wood, regardless the clone; the age of the genetic material did not influence the gravimetric yield in charcoal; the GG 680 clone presented greater potential to produce charcoal, considering only the proprieties of the wood.
INTRODUCTION
Since the beginning of the 19 th century, Brazil is considered world's greater producer of charcoal, used mostly on the steel industry, on the production of pig iron, ferroalloys and steel (REZENDE; SANTOS, 2010) . The Brazilian state Minas Gerais presented the greater production of charcoal, and the steel industry is important for the state's economy, as well.
After the global economic crisis in 2008, the charcoal exports decreased, and the product lost its values on the internal market. In 2010, the national economy recovered, however, some sectors, such as the pig iron industry, remained in crisis (ABRAF, 2011) .
Until the end of 2010, there was an elevated index of idle production of pig iron using charcoal, since the annual production was 1/3 of the full capacity and only 56,0% of the furnaces worked (ABRAF, 2011) . However, it is expected a recovering of this sector, since the scenery seems to the positive in medium and long term for the forestry sector, due, mostly, the environmental advantages.
The charcoal is used, mostly, as a fuel because it presents proprieties superior to the wood on energy production, since it contains higher calorific values. In the steel industry, the charcoal is largely used to reduce iron ore in order to produce pig iron and other metal alloys. It is purer than the coke (sulfur and ash), resulting in a stronger pig iron, more resistant and malleable for forging (FREDERICO, 2009 ).
The wood used to produce charcoal must have a greater lignin content associated to a lower holocellulose content and higher density. Genetic material with greater calorific value and extractive content promoted greater coal income, beyond the elevated calorific value (FREDERICO, 2009 ). Increased density is important for the final quality of the charcoal, but it is necessary to observe alterations on the anatomic aspects of the wood, which are important for the field drying and carbonization process (FREDERICO, 2009) . Therefore, it is preferable to use woods with elevated wall fraction, however, it must be considered that if the wall fraction is high, but the wood has a low percentage of fiber, it must not be used for this activity (PAULA, 2005) .
The age of the trees also interferes, because several modifications occur on the wood as they age, creating variations on the chemical, physical and anatomic compositions. Usually, the wood presents a quick elevation on the density values and fiber length, from the young age until maturing, where the values remain constant. At the juvenile age, the biomass incorporation rate is crescent, tending to stabilize when the wood reaches the adult age (TRUGILHO et al., 1996) . Therefore, this work aimed to determine the correlations existent between the age, the proprieties of the wood and the charcoal proprieties, in order to determine which proprieties of the wood are more relevant to choose the most appropriate genetic material for the charcoal production.
2.MATERIAL AND METHODS
Three Eucalyptus sp. clones used for this research (Table 1) were at the ages of 3, 4, 5 and 7, and the clones were from the commercial plantations belonging to the Gerdau S.A., located in Lassance, Minas Gerais, Correlations between age, wood quality and...
Brazil. Three average sized trees were selected for each one of the twelve treatments, summing thirty-six trees (samples). The trees were collected in commercial plantations with an average spacing of 3,5 x 2,5m.
Material preparation
Five discs corresponding to 0%, 25%, 75% and 100% of the commercial height of the trunk were removed from each sample-tree. Firstly, we measured the percentages of the core and sapwood of each disc, before performing other analysis. Two wedges from opposed sizes were removed from each disc, they were used to determine the basic density of the wood. The rest of the disc was sectioned; a part was used for coal production and the other to determine the chemical composition and the superior calorific value.
For the analysis specified above, composed samples were used. For the basic density of the wood and the core and sapwood percentages the evaluation was performed lengthwise, in other words, the bottomup direction.
Determining the core and sapwood percentages
To determine the percentages of the core and the sapwood, two perpendicular lines were made in each disc, passing through the cord. The distance was measured from the edges to the core on both extremities of the line and the core measuring. A magnifying glass was used to determine the change from the sapwood to the core, since it is defined by the color modification and obstruction of the pores by tyloses, common on Eucalyptus wood. The sapwood percentage was calculated by subtracting the core area from the total area. The core/sapwood relation was calculated by dividing the core area by the sapwood area (EVANGELISTA, 2007) .
Determining the basic density of the wood
Two wedges from opposed sides that pass through the cord, were identified and designed to determine the basic density of the wood. The proceedings used for the analysis are in accordance to the water immersion method, described by Vital (1984) . The values were calculated from the arithmetic mean of the density of each wedge.
Determining the chemical composition of the wood
The wood samples were transformed into sawdust by a laboratory mill of the Wiley type, in accordance to the 257 om-52 norm. The fraction collected was the material that passed through the international sieve n. 16, with 40 mesh, and were stuck in the international sieve n. 24, with 60 mesh (ASTM, 1982) . We determined the dry content of the wood, in accordance to the TAPPI 264 om-88 norm (TAPP1, 1998).
The levels of extractives in wood were determined in doubles, as described by the TAPPI 264 om-88 norm, applying the method of extractives, only changing the ethanol / benzene by the ethanol / toluene.
The insoluble lignin levels were determined in doubles by the Klason method, modified in accordance to what was proposed by Gomide and Demuner (1986) , derived from the TAPPI T 222 om-88 norm.
The soluble lignin was determined through spectrometry, as described by Goldschimid (1971) The siringila/guaiacila relation of the lignin was performed in doubles, through the liquid chromatography, after oxidizing the wood sawdust with nitrobenzene, in accordance to the methodological adaptations described by Lin and Dence (1992).
Carbonization and gravimetric yields
The carbonization was performed using wood samples removed from the discs through the commercial height of the trees (0%, 25%, 50%, 75% and 100%), for each tree, it was obtained a composed sample. The samples were, after that, drought in a greenhouse at 103±2ºC, until reaching the constant mass.
The carbonizations were performed in a laboratory muffle with electric heating; those samples were put in a metallic container. To retrieve the condensable gases, a tubular water-cooled condenser was adapted in the gas exhaust.
The total time for carbonization of wood was five hours, with the average heating rate of 1,56°C/minute, the initial temperature was 30ºC and the final temperature was 450°C, stabilized for 30 minutes. After the carbonizations, were determined, based on the dry mass of the wood, the gravimetric yields, the condensable and non-condensable gases, being the last one obtained by difference.
Determining the superior caloric value
The superior calorific value of the wood and charcoal were determined in accordance to the method described by the ABNT NBR 8633 norm (ABNT, 1984) , using an adiabatic calorimetric bomb. The wood samples were reduced using a laboratory mill of the Wiley kind, in accordance to the TAPPI 257 om-52 norm (TAPPI, 1998). The fraction collected was the material that passed through the international sieve n. 16, with 40 mesh, and were stuck in the international sieve n. 24, with 60 mesh (ASTM, 1982) . The samples were drought in a greenhouse at 103±2ºC, until reaching the constant mass, in order to determine the superior calorific value.
Coal proprieties
To perform the immediate chemical analysis of the charcoal, the samples were grinded and sieved to a particle size of, approximately, 0,2mm in accordance to the ABNT NBR 8112 norm, with some adaptations, to determine the levels of volatile materials, ashes and fix carbon, with dry base (ABNT, 1986).
The levels of volatile materials was determined by heating the coal at 950°C, in a muffle furnace, the samples were located in crucibles, which were closed and taken to the muffle door for two minutes, for acclimation, and, posteriorly, to the interior of the furnace during nine minutes, summing eleven minutes.
The ashes content was determined after the complete combustion of coal, through the material heated in a muffle furnace at 605ºC, during 6 hours. The ashes mass in relation to the dry coal corresponds to the ashes content.
The carbon content was calculated by summing the levels of volatile material and ashes, and subtracting 100.
The gravimetric yield for fixed carbon was obtained by multiplying the gravimetric yield for charcoal by the fixed carbon content.
Apparent relative density
The apparent relative density was determined in accordance to the method proposed by Vital (1984) , using a hydrostatic balance to determine the relocated volume. The coal samples were weighted and, posteriorly, immersed in water to determine the relocated volume.
Statistical analysis
The data obtained were submitted to the Lilliefors and Cochran tests, to verify the normality and homogeneity of the variances, respectively. Then, the variance analysis proceeded by applying the F test, the measuring was compared by the Tukey test. For the variables that did not attend the normality presumptions, the non-parametric Kruskall-Wallis test was used. The significance level of 5% was considered.
To determine the correlations existent between the proprieties of the wood and age with the charcoal proprieties, the Pearson correlation coefficient was applied. The significance level of 5% was considered, as well.
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The statistical analysis were performed using the STATISTICA 8,0 program (STATSOFT INC, 2008) .
RESULTS
On Table 2 , we present the average values obtained for the wood variables in function of the age of the clones. The variables evaluated were the core/sapwood relation, basic density of the wood, superior calorific value, extractive levels, lignin level, siringil/guaiacil relation and holocellulose level.
The average values obtained for the charcoal variables in function of the age and genetic material are described on Table 3 . The variables evaluated were the gravimetric yield in charcoal, superior calorific value, apparent relative density, volatile levels, ashes content and fixed carbon content.
On Table 4 , we present the results for the correlations between the proprieties of the wood and the proprieties of coal for the GG 100, GG 157 and GG 680 clones, and other clones, as well. Where: (C/SW) core/sapwood relation; (BDW) basic density of the wood in g.cm ; (Volatile) coal volatile levels in percentage; (Ashes) ashes content of coal in percentage; (CFCC) coal fixed carbon content in percentage. Averages followed by the same uppercase letter among the ages and lowercase among the clones, do not differ at 5% of significance, by the Tukey test. CASTRO, A.F.N.M. et al.
DISCUSSION
By evaluating the C/SW relation, it is observed that the age effect was significant only for the GG 680 clone and the greater core/sapwood relation was obtained at the age of 7 for the three clones evaluated. It is noted that, for all ages, there was not a significant difference in the core/sapwood relation between the clones. On the research developed by Arantes (2009) , who studied a Eucalyptus grandis x Eucalyptus urophylla clone at the age of six, it was stated that, for medium sized trees, the average percentage of the core was 35% and of the sapwood was 65%, in other word, the core/sapwood relation obtained was 0,54.
The values presented for basic density of Eucalyptus sp. wood used for charcoal production, must be classified as average density, meaning 0,54 g.cm -3 (BRITO et al., 1983) . Correlations between age, wood quality and...
In this research, it was noted that the basic density of the wood increased with age, highlighting that only at the age of seven, it was observed values similar to the ideal values for charcoal production, as defined by Brito et al. (1983) . It was verified a significant difference for the basic density of the wood, between the clones of all ages, the clone GG 680 presented average superior values at the four ages analyzed. Oliveira et al. (2010) evaluated Eucalyptus pellita clone at the age of five, and they found a basic density of the wood of 0,56 g.cm -3 , higher than what was found for the clones studied.
The superior calorific value of the wood did not present variance homogeneity, therefore, it was performed a non-parametric analysis by applying the KruskallWallis test. Based on the results, it is possible to infer that the age affected the calorific value of the wood, and a significant difference between the clones, at all ages. Santana (2009) stated little influence of the age for this variable, and obtained an average value of 4610 Kcal/Kg for an Eucalyptus grandis clone at the age of three and seven years.
For the extractive level, it is observed that the age effect for the GG 100 and GG 157 clones, besides, it was verified a significant difference between the clones of all ages evaluated. Gomide et al. (2005) , evaluated ten Eucalyptus sp. clones, and found extractive levels varying from 1,76% to 4,13%, the average value was 3,01%. These values are similar to what was observed in this research.
Regarding the lignin content, it was observed the age effects for GG 100 and GG 680 clones, and it was not stated a significant difference between the clones, at the ages evaluated. The values observed in this research are similar to what was obtained by Santos (2010) , who verified that for Eucalyptus sp. clones at the age of seven, the average value was 32% of total lignin.
By analyzing the S/G relation, it was observed a decreasing of this relation regarding the age increasing for the three clones evaluated. Besides, it is observed the existence of a significant difference between the hybrid clones of Eucalyptus sp., at the age of seven, the average values vary from 2,6 to 3,25.
Generally, the S/G relation decreased as the age increased, which indicated that using older woods is more advantageous, when it comes to the quality of the wood for charcoal production, since the guaiacil lignin presents a condensed structure, being thermally stable. The GG 680 clone presented lower values for the S/G relation at all ages.
By analyzing Table 2 , we observe the age effect for the three clones evaluated. It was stated a significant difference between clones at all ages, except at four and five. The holocellulose content is inversely proportional to the lignin level, therefore, to produce charcoal, wood containing lower holocellulose levels are preferable. Santos (2010) obtained a similar result while studying Eucalyptus sp. clones, at the age of seven, since the average value for this variable was 65,0%.
Greater values for the coal gravimetric yields are desirable, because they result in a greater amount of charcoal and, consequently, improves the productivity of the furnaces. However, the gravimetric yield varies in function of the differences of the carbonizations, in other words, when the heating rate is modified, the carbonization time and final temperature modify the yield. Therefore, it is difficult to compare the results with other works due the modifications on the variables presented. Table 3 , it is observed the lack of influence of the age in the gravimetric yield for charcoal. However, it is observed a difference between the clones, except the ones at the age of four. Greater values of gravimetric yields in charcoal are desirable, because they result in a greater mass of charcoal and, consequently, greater furnace productivity.
By analyzing
Still according to Table 3 , it was verified the lack of influence of the age over the calorific value for the three clones evaluated. However, there was a significant difference between the clones of all ages, except at the age of seven.
It is observed on the literature a huge variation on the results regarding the calorific value of the coal. Said difference might be related to the use of different carbonization marches. It is known that the coal calorific value is related to the fixed carbon content, which increases with the wood degradation. However, by exposing the wood to carbonization temperatures for a longer period, the wood is damaged and, consequently, loses the apparent density and resistance. Therefore, it is necessary to stablish a carbonization march that provides ideal values for coal proprieties in function of the genetic material used.
CASTRO, A.F.N.M. et al.
The charcoal used in the steel industry must present the maximum value of 25% of volatile materials (SANTOS, 2008) . It is observed that all coal prevenient from the different clones evaluated in this experiment, regardless the age, obtained values for volatile materials in accordance to what was specified.
It was verified that the value of coal volatiles increased in function of the age, except for the GG 680 clone, which did not present a significant difference among the ages. It was observed that the genetic material used influenced the volatile material levels during the charcoal production, except at the age of seven.
Generally, the ashes content in the coal used in the steel industry must be under 1% (SANTOS, 2008) . It is observed that the charcoal from the GG 680 clone presented, regardless the age, ashes contents under 1%. As for the other clones, it was verified that only at the age of four, the contents remain under 1%.
By evaluating the age effect on the coal ashes content, regardless the clone, it was verified that the variable decreased, when the age of the tree increased. It is due the changes on the nutritional state of the trees (WADT et al, 1999) .
The fixed carbon content of the coal used in the steel industry must be from 70% to 80% (SANTOS, 2008) . It was observed that the values obtained for this research attend the demands of the steel industry. It was verified that the age did not affect the fixed carbon content of the charcoal, except for the GG 157 clone, which presented a lower value for this variable at the age of seven. A significant difference was observed among the genetic materials, except at the age of five. Generally, the GG 100 presented greater fixed carbon contents.
It is necessary to emphasize that variations can occur between the fixed carbon values found in the literature and the ones obtained for this research, it might be related to the use of different carbonization marches. The increase of the fixed carbon content is related to the increasing of the temperature or of the carbonization time.
The proprieties of the charcoal are influenced by the wood that originated it and by the carbonization process. Generally, it is known that when the carbonization time and final temperature, it is expected an increasing in the fixed carbon content and on the calorific value of the coal, beyond a reduction of the density values, on the volatile material content, on the mechanical resistance and on the gravimetric yield of the charcoal. It is known that the basic density is directly connected to the apparent density of the coal. Besides, it is expected that by increasing the wood lignin content and decreasing the S/G relation, occur a gain on the gravimetric yield and on the fixed carbon of the coal. These tendencies had already been proved by the literature, although, in this research, no all correlations presented results according to what was expected.
By analyzing Table 4 , it was verified a negative correlation between the age and the ashes content, regardless the clones evaluated. It might be related to the fact that in aged forests, the age of the trees reflect their development stage. Therefore, among different age groups, it is possible to find differences on the cycling of the nutrients dynamics, and, on the trees nutritional state (WADT et al., 1999) .
As observed on Table 4 , there was a positive correlation between the basic density of the wood and the apparent density of coal for the GG 100 and GG 680 clones, when compared to the other clones. Such correlation can guide the choice and improvement of the species designed for coal production. Table 4 , it is observed a positive correlation between the lignin content and the apparent density of the coal. According to Brito and Barrichelo (1977) , the wood chosen to obtain coal containing the best chemical proprieties (greater fixed carbon contents and lower levels of volatile substances and ashes), must have high levels of lignin. Regarding the increasing of the volumetric yield in coal, the woods must contain, beyond the elevated lignin content, greater levels of basic density to increase the quality of the dry matter, allocated in a carbonization furnace.
Still on
The S/G relation presented a negative correlation with the gravimetric yield for charcoal, being more representative in the GG 680 clone. Therefore, the decreasing of the S/G relation indicates increasing on the guaiacil lignin, which increases the coal gravimetric yield, since it has a condensed structure, and, probably, greater thermal stability.
CONCLUSIONS
Based on the results obtained, it is possible to conclude that:
The age of the tree influenced the proprieties of the wood, regardless the clone, providing improvements on the coal quality.
The age of the genetic material did not affect the gravimentri yield in charcoal.
Considering the proprieties of the wood to choose the best genetic material, it can be stated that the GG 680 clone was the best option for charcoal production.
Finally, it is concluded that the three genetic materials studies, regardless the age of the trees, attend the demands of the steel industry, showing a satisfactory gravimetric yield.
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